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Abstract
.DPLWLULYHUYLUXV.59LVDQLQVHFWRQO\ Flavivirus WKDWZDVLVRODWHGIURPILHOGFROOHFWHG Ae.
macintoshi PRVTXLWRHVLQDQGLVFORVHO\UHODWHGWRFHOOIXVLQJDJHQWYLUXV%RWKRIWKHVHYLUXVHV
EHORQJWRWKHIDPLO\ FlaviviridaeZKLFKDOVRFRQWDLQVRWKHUYLUXVHVRIPHGLFDOLPSRUWDQFHVXFKDV
\HOORZIHYHUYLUXV:HVW1LOHYLUXVDQGGHQJXH%HFDXVH Ae. macintoshi LVWKHRQO\NQRZQQDWXUDOKRVW
WR.59WKHPDLQREMHFWLYHRIWKLVVWXG\ZDVWRHVWDEOLVKWKHSRVVLELOLW\WKDWRWKHUPRVTXLWRKRVWVRIWKH
YLUXVH[LVWE\GHWHUPLQLQJLWVDELOLW\WRLQIHFW Ae. aegypti PRVTXLWRHVXQGHUODERUDWRU\FRQGLWLRQV7KH
VWXG\DOVRVRXJKWWRGHWHUPLQHWKHUDWHVRILQIHFWLRQDQGVXEVHTXHQWO\YHUWLFDOWUDQVPLVVLRQDVD
SRVVLEOHPHDQVRILWVPDLQWHQDQFHDQGSURSDJDWLRQLQQDWXUHJLYHQWKDWLWQHLWKHUJURZVLQYHUWHEUDWH
FHOOVRUPLFH7KHPRVTXLWRHVZHUHLQIHFWHGE\WKHYLUXVHLWKHUDVODUYDHRUDGXOWV9LUXVDVVD\ZDVGRQH
E\UHLVRODWLRQLQWLVVXHFXOWXUHDQGLQGLUHFWLPPXQRIOXRUHVFHDVVD\PHWKRGV.59LQIHFWHG Ae. aegypti
PRVTXLWRHVZLWKWKHREVHUYHGUDWHVDVKLJKDVWR7KHYLUXVZDVDOVRWUDQVPLWWHGYHUWLFDOO\LQ
WKHVHPRVTXLWRHV9HUWLFDOWUDQVPLVVLRQUDWHVRIZHUHREVHUYHGIRUWKHQG DQGUG RYDULDQF\FOHV
FRPELQHG7KHVHUHVXOWVVXJJHVWWKDW Ae. aegypti PRVTXLWRHVDUHOLNHO\WREHLQIHFWHGZLWK.59LQ
QDWXUHDQGWKDWYHUWLFDOWUDQVPLVVLRQLVWKHQDWXUDOPHDQVE\ZKLFKLWLVPDLQWDLQHGDQGSURSDJDWHGLQ
WKLVKRVWDQGSRVVLEO\RWKHUV
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.DPLWL ULYHU YLUXV .59 LV DQ LQVHFWRQO\
Flavivirus WKDW ZDV LVRODWHG IURP ILHOGFROOHFWHG
Ae. macintoshi PRVTXLWRHV WKDW ZHUH FROOHFWHG DV
ODUYDH IURP D IORRGHG GDPER RQ WKH VKRUHV RI
.DPLWL ULYHU LQ WKH 5XLUX GLYLVLRQ RI &HQWUDO
3URYLQFH .HQ\D LQ  6DQJ HW DO 
$VVD\V E\ UHYHUVHWUDQVFULSWDVH SRO\PHUDVH FKDLQ
UHDFWLRQ DQG SURWHLQ DOLJQPHQW GHILQHG .59 DV
EHLQJ FORVHO\ UHODWHG WR FHOO IXVLQJ DJHQW YLUXV
ZKLFK KDG EHHQ XQWLO UHFHQWO\ WKH RQO\ NQRZQ
LQVHFWRQO\ Flavivirus 6WROODU DQG 7KRPDV 
.59 LV KRZHYHU WKH ILUVW LQVHFWRQO\ Flavivirus WR
EH LVRODWHG LQ QDWXUH DV WKH FHOO IXVLQJ DJHQW YLUXV
ZDV LVRODWHG IURP ODERUDWRU\FXOWXUHG Ae. aegypti
PRVTXLWRFHOOV6WROODUDQG7KRPDV
([WULQVLF IDFWRUV VXFK DV WHPSHUDWXUH ODUYDO
FURZGLQJ QXWULWLRQ DQG LQWULQVLF IDFWRUV VXFK DV
JHQHWLF VXVFHSWLELOLW\ KRVW SUHIHUHQFH DQG DJH RI
WKH DGXOW PRVTXLWR DIIHFW WKH LQIHFWLRQ UDWHV RI
YLUXVHV LQ PRVTXLWRHV %DTDU HW DO  6SHFLILF
ODERUDWRU\ VWXGLHV KDYH VKRZQ WKDW Ae. aegypti
PRVTXLWRHV WUDQVPLW WKH GHQJXH YLUXV RQO\ LI
WKH PRVTXLWRHV DUH PDLQWDLQHG DW  & DQG WKH
H[WULQVLF LQFXEDWLRQ SHULRG LV VKRUWHQHG LI WKH
H[WULQVLF LQFXEDWLRQ WHPSHUDWXUH LV LQFUHDVHG WR
EHWZHHQ  DQG  & :DWWV HW DO 
+RZHYHU WKH WHPSHUDWXUH UHTXLUHG WR PDLQWDLQ
PD[LPXP YHFWRU HIILFLHQF\ LV GHSHQGHQW RQ WKH
VSHFLILF YLUXVYHFWRU V\VWHP 6XVFHSWLELOLW\ RI
PRVTXLWRHV WR LQIHFWLRQ E\ D YLUXV DOVR LQFUHDVHV LI
IUHVKO\ JURZQ YLUXV LV XVHG LQ WKH DUWLILFLDO
LQIHFWLYH PHDOV 0LOOHU  DV RSSRVHG WR IUR]HQ
VWRFN +RZHYHU LQIHFWLRQ UDWHV IURP QRQIUR]HQ
YLUXV LQ DQ DUWLILFLDO EORRG PHDO DUH VLJQLILFDQWO\
ORZHU WKDQ WKRVH IURP WKH VDPH GRVH LQJHVWHG
IURPYLUHPLFKDPVWHUV7XUHOO
9HUWLFDO WUDQVPLVVLRQ LV WKH WUDQVPLVVLRQ RI D
YLUXV IURP D SDUHQW KRVW YHFWRU WR WKH RIIVSULQJ
WKURXJK WKH IHPDOH RYD ,W ZDV GHPRQVWUDWHG IRU
/D&URVVH YLUXV LQ H[SHULPHQWDOO\ LQIHFWHG Aedes
triseriatus :DWWV et al DQG IRU -DSDQHVH
HQFHSKDOLWLV YLUXV LQ Culex. tritaeniorhynchus, Cx.
annulus, Cx. quinquefasciatus DQG Armigeres
subalbatus 5RVHQ HW DO  DQG WKHUHDIWHU IRU
RWKHU YLUXVHV LQ D UDQJH RI PRVTXLWR VSHFLHV ,W
LQYROYHV YLUXV HQWU\ LQWR D IXOO\ IRUPHG HJJ GXULQJ
RYLSRVLWLRQ 7HVK DQG &RUQHW  RU YHQHUHDOO\
WKRXJK UDUHO\ ZKHQ DQ LQIHFWHG PDOH PRVTXLWR
SDVVHV RYHU WKH YLUXV WR WKH RIIVSULQJ via WKH
VSHUP GXULQJ FRSXODWLRQ ZLWK XQLQIHFWHG IHPDOH
6LPPRQV HW DO  ,W ZDV H[SHULPHQWDOO\
GHPRQVWUDWHG LQ WKH SURJHQ\ RI RUDOO\ LQIHFWHG Ae.
aegypti PRVTXLWRHV ZLWK UHJDUG WR WKH \HOORZ
IHYHU YLUXV 'LDOOR HW DO  DQG 0LOOHU HW DO
 GHPRQVWUDWHG YHUWLFDO WUDQVPLVVLRQ RI
:HVW 1LOH YLUXV LQ Cx. univittatus FRPSOH[
PRVTXLWRHV ,W LV FRQVLGHUHG WR EH D SULPDU\
PHDQV E\ ZKLFK VRPH DUERYLUXVHV DUH PDLQWDLQHG
GXULQJ DGYHUVH HQYLURQPHQWDO FRQGLWLRQV ZKHQ
WKHLU DUWKURSRG KRVWV DUH HLWKHU LQDFWLYH RU XQDEOH
WR VXUYLYH ,W LV HVSHFLDOO\ LPSRUWDQW LQ VSHFLHV
IRXQG LQ FRROHU FOLPDWHV WKDW DUH LQFDSDEOH RI
RYHUZLQWHULQJ DV DGXOWV DQG LV DOVR D PHFKDQLVP
IRU YLUXV SHUVLVWHQFH LQ HQYLURQPHQWV ZKHUH
DPSOLI\LQJ KRVWV DUH WHPSRUDULO\ DEVHQW RU
LPPXQH0LOOHUHWDO
+LJK H[WULQVLF LQFXEDWLRQ WHPSHUDWXUH LV NQRZQ
WR DIIHFW YHUWLFDO WUDQVPLVVLRQ UDWHV ,Q RQH VWXG\
LQYROYLQJ 6W /RXLV HQFHSKDOLWLV YLUXV LQIHFWLRQ
UDWHV ZHUH IRXQG WR EH PXFK KLJKHU LQ ) DGXOW Ae.
epactius PRVTXLWRHV UHDUHG DW  & WKDQ LQ WKRVH
UHDUHG DW  & +DUG\ HW DO  9HUWLFDO
WUDQVPLVVLRQ UDWHV GHFUHDVH ZLWK VXFFHVVLYH
RYDULDQ F\FOHV RI LQIHFWHG PRVTXLWRHV %HDW\ HW DO
 7KLV LV D YHU\ UDUH RFFXUUHQFH LQ WKH ILUVW
RYDULDQ F\FOH SURJHQ\ LW LV PRVWO\ REVHUYHG LQ WKH
QG DQG UG RYDULDQ F\FOHV ZLWK WKH UDWHV EHLQJ
KLJKHU LQ WKH WKLUG F\FOH 7KH ILUVW RYDULDQ F\FOH
RFFXUV EHIRUH LQIHFWLRQ RI RYDULHV ZKLOH IRU WKH
VHFRQG RYDULDQ F\FOH WKH RYDULHV DUH QRW DV IXOO\
LQIHFWHG DV WKH\ DUH LQ WKH WKLUG F\FOH GXH WR WKH
ORQJHU H[WULQVLF LQFXEDWLRQ SHULRG 'LDOOR HW DO
 /DWHU WKH UDWHV GHFUHDVH ZLWK WKH DJH RI
WKH PRVTXLWR DV WKH DELOLW\ WR WUDQVPLW WKH YLUXV
GHFUHDVHVZLWKWLPH6FRWWHWDO
*LYHQ WKDW .59 ZDV LVRODWHG IURP ILHOGFROOHFWHG
Ae. macitoshi DORQH DQG KDV QR NQRZQ YHUWHEUDWH
KRVW WKLV VWXG\ VRXJKW WR GHWHUPLQH WKH
VXVFHSWLELOLW\ RI Ae. aegypti PRVTXLWRHV WR WKH
YLUXV ZKLFK ZRXOG WKHQ VXJJHVW WKH OLNHOLKRRG
WKDW RWKHU PRVTXLWR KRVWV WR WKH .59 H[LVW LQ
QDWXUH (VWDEOLVKPHQW RI YHUWLFDO WUDQVPLVVLRQ
ZRXOG PHDQ WKDW LW LV SRVVLEO\ WKH PHFKDQLVP E\
ZKLFK LW LV PDLQWDLQHG DPRQJ WKHVH KRVWV LQ
QDWXUH
Materials and Methods
Cell lines
6LQFH .59 GRHV QRW JURZ LQ YHUWHEUDWH 9HUR
FHOOV ZH XVHG & FHOOV ZKLFK DUH GHULYHG IURP
Ae. albopictus PRVTXLWRHV 7KHVH FHOOV DUH
FXUUHQWO\ DYDLODEOH LQ WKH 9LUDO +HPRUUKDJLF
)HYHU /DERUDWRU\ DW WKH .HQ\D 0HGLFDO 5HVHDUFK
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1DLUREL.HQ\D
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7KH & FHOOV ZHUH JURZQ LQ JURZWK PHGLXP
'XOEHFFR¶V PRGLILHG (DJOH¶V PHGLXP FRQWDLQLQJ
  KHDWLQDFWLYDWHG IHWDO ERYLQH VHUXP  
/JOXWDPLQH DQG   DQWLELRWLFDQWLP\FRWLF
VROXWLRQ ZLWK  XQLWV SHQLFLOOLQ  PJ
VWUHSWRP\FLQ DQG ƫJ DPSKRWHULFLQ % SHU PO
,QIHFWHG FHOOV ZHUH KHOG LQ PDLQWHQDQFH PHGLXP
'XOEHFFR¶V PRGLILHG (DJOH¶V PHGLXP LQ ZKLFK
WKHIHWDOERYLQHVHUXPKDGEHHQORZHUHGWR
Virus and titers
7KH 65 VWUDLQ RI .59 ZKLFK ZDV XVHG LQ WKLV
VWXG\ ZDV LVRODWHG IURP DGXOW Ae. macintoshi
PRVTXLWRHV FROOHFWHG LQ WKH 6XNDUL UDQJH 7KLV
YLUXV ZKLFK KDG EHHQ SUHVHUYHG DV D VWRFN DW WKH
9LUDO +HPRUUKDJLF )HYHU /DERUDWRU\ DW ï &
DQG ZKRVH SUHYLRXV SDVVDJH KLVWRU\ ZDV  ZDV
DPSOLILHG E\ SDVVDJLQJ WZLFH LQ & FHOOV WR
SUHSDUH VWRFN YLUXV IRU XVH LQ WKLV VWXG\ 7ZR
FP IODVNV RI FRQIOXHQW & FHOOV ZHUH
LQIHFWHG ZLWK  ƫO RI WKH YLUXV VXVSHQVLRQ HDFK
DQG LQFXEDWHG IRU DGVRUSWLRQ IRU  KU DW  &
7KH LQIHFWHG FHOOV ZHUH WKHUHDIWHU PDLQWDLQHG LQ
 PO PDLQWHQDQFH PHGLXP DQG LQFXEDWHG DW 
& (LJKW GD\V SRVWLQIHFWLRQ WKH YLUXV ZDV
KDUYHVWHG E\ VFUDSLQJ WKH FHOOV IURP WKH IODVN
VXUIDFH DQG FHQWULIXJLQJ WKH FHOOYLUXVPHGLXP
VXVSHQVLRQ DW  USP IRU  PLQXWHV WR UHPRYH
FHOO GHEULV 7KH VXSHUQDWDQW FRQWDLQLQJ WKH YLUXV
ZDV VWRUHG LQ  PO DOLTXRWV DW ï & 7KLV ZDV
WKH VRXUFH RI WKH YLUXV IRU LQIHFWLRXV EORRG PHDOV
DQG ZKLFK ZDV DOVR XVHG DV WKH LPPXQRJHQ IRU
WKHSURGXFWLRQRIDQWLVHUXP
9LUXV WLWHUV ZHUH GHWHUPLQHG E\ WLWUDWLQJ .59 LQ
& FHOOV 7HQIROG VHULDO GLOXWLRQV RI WKH YLUXV
ZHUH PDGH DQG  ƫO RI HDFK GLOXWLRQ ZDV
GLVSHQVHG LQ GXSOLFDWH ZHOOV RI  ZHOO WLVVXH
FXOWXUH SODWHV (DFK ZHOO ZDV WKHQ VHHGHG ZLWK 
ƫO RI & FHOO VXVSHQVLRQ FRQWDLQLQJ
DSSUR[LPDWHO\  FHOOV SHU PO DQG LQFXEDWHG DW
 & LQ D KXPLGLILHG FKDPEHU XQWLO GHYHORSPHQW
RI D F\WRSDWKLF HIIHFW 7KH YLUDO WLWHU ZDV
FDOFXODWHG XVLQJ .DUEHU IRUPXOD  WR
GHWHUPLQHWKHORJ7&,' RI.59
Production of antiserum
7HQ DGXOW IHPDOH 1,+ 6ZLVV PLFH ZHUH
LPPXQL]HG LQWUDSHULWRQHDOO\ ZLWK  PO RI 65
LQIHFWHG WLVVXH FXOWXUH IOXLG PL[HG ZLWK FRPSOHWH
)UHXQGV DGMXYDQW HPXOVLRQ DW D UDWLR RI  RQ GD\
 2Q GD\  WKH PLFH UHFHLYHG WKH VDPH WUHDWPHQW
DV DERYH EXW XVLQJ LQFRPSOHWH )UHXQGV DGMXYDQW
2Q GD\  WKH PLFH ZHUH LQRFXODWHG ZLWK  PO RI
LPPXQRJHQ DORQH ZKLFK ZDV IROORZHG E\  PO
RI 6DUFRPD FHOO VXVSHQVLRQ RQ GD\  DQG ILQDOO\
 PO RI LPPXQRJHQ RQ GD\  7KH
K\SHULPPXQL]HG PLFH ZHUH EOHG E\ KHDUW
SXQFWXUH WHQ GD\V IROORZLQJ WKH ODVW
LPPXQL]DWLRQ %ORRG ZDV DOORZHG WR FORW DW  &
RYHUQLJKW DQG FHQWULIXJHG DW  USP IRU  PLQ
WR UHPRYH FHOOV 7KH VHUXP ZDV FROOHFWHG DQG
KHDWLQDFWLYDWHG DW  & IRU  PLQ ,W ZDV WKHQ
DGVRUEHG ZLWK & FHOOV WR UHGXFH QRQVSHFLILF
ELQGLQJ & FHOOV IURP D FP IODVN ZHUH
ZDVKHG LQ 3%6 DQG LQFXEDWHG ZLWK XQGLOXWHG
DQWLVHUXP DW URRP WHPSHUDWXUH LQ D FHQWULIXJH
WXEH IRU  KU ZLWK FRQVWDQW PL[LQJ XVLQJ D
3DVWHXU SLSHWWH )ROORZLQJ DGVRUSWLRQ FHOOV ZHUH
UHPRYHG E\ FHQWULIXJDWLRQ DW  USP IRU  PLQ
DQG WKH SURFHVV UHSHDWHG RQFH 7KH DQWLVHUD ZHUH
WKHQ VWRUHG LQ DSSURSULDWH DPRXQWV DW ï &
XQWLOXVHG
Mosquitoes and rearing
7KH ) JHQHUDWLRQ RI WKH Ae. aegypti PRVTXLWRHV
XVHG ZHUH FROOHFWHG IURP +XUXPD YLOODJH
FRRUGLQDWH UHDGLQJV ± (DVWLQJ
DQG ± 1RUWKLQJ QHDU .DUXUD
IRUHVW LQ 1DLUREL .HQ\D 7KHVH PRVTXLWRHV ZHUH
UHDUHG WR ) LQ WKH LQVHFWDU\ PDLQWDLQHG DW
DSSUR[LPDWHO\  & DQG ±  5+ ZLWK D
SKRWRSHULRG RI  /' 7KH ODUYDH ZHUH UHDUHG
LQ ZKLWH HQDPHO SDQV DQG IHG RQ 7HWUDPLQ ILVK
IRRG DQG OLYHU SRZGHU $GXOW PRVTXLWRHV ZHUH
FRQWLQXRXVO\ JLYHQ   VXFURVH VROXWLRQ DV D
FDUERK\GUDWH VRXUFH DQG IHG RQ QRUPDO ODERUDWRU\
PLFHWRVWLPXODWHHJJSURGXFWLRQ
Mosquito infection
0RVTXLWRHV ZHUH RUDOO\ H[SRVHG WR WKH YLUXV HLWKHU
DV DGXOWV DGXOW LQIHFWLRQ RU DV ODUYDH ODUYDO
LQIHFWLRQ
Adult infection
2QH KXQGUHG DQG ILIW\ GD\ROG DGXOW PRVTXLWRHV
KHOG LQ OLWHU SODVWLF FDJHV ZHUH VWDUYHG RI
VXFURVH DQG GHSULYHG RI ZDWHU IRU  KRXUV SULRU
WR EORRG IHHGLQJ 7KH PRVTXLWRHV ZHUH RUDOO\
H[SRVHG WR DQ LQIHFWLRXV EORRG PHDO SUHSDUHG E\
PL[LQJ D  UDWLR RI WKH VWRFN YLUXV VXVSHQVLRQ
ZLWK GHILEULQDWHG UDEELW EORRG 7KH EORRG PHDO
ZDV SODFHG LQ PHPEUDQH IHHGHUV FRYHUHG ZLWK
PRXVH VNLQ %ORRG PHDOV ZHUH PDLQWDLQHG DW D
FRQVWDQW WHPSHUDWXUH RI  & WKURXJKRXW WKH 
PLQXWHV IHHGLQJ SHULRG )XOO\ HQJRUJHG
PRVTXLWRHV ZHUH VHOHFWHG ZLWK DQ DVSLUDWRU DQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH KHOG DW D FRQVWDQW WHPSHUDWXUH RI  & DQG
±  5+ GXULQJ D  /' DQG SURYLGHG
ZLWK D   VXFURVH VROXWLRQ LQ FRWWRQ ZLFNV IRU DQ
H[WULQVLF LQFXEDWLRQ SHULRG RI  GD\V 6DPSOHG
PRVTXLWRHV ZHUH NLOOHG E\ FKLOOLQJ DW ï &
EHIRUH EHLQJ XVHG IRU WKH YLUXV DVVD\ 6DPSOHV RI
WKH LQIHFWLRXV EORRG PHDO ZHUH WDNHQ EHIRUH DQG
DIWHU WKH IHHGLQJ SHULRG DQG LPPHGLDWHO\ WLWUDWHG
LQ & FHOOV WR GHWHUPLQH LQIHFWLQJ YLUXV WLWHU ,Q
DOO PRVTXLWR LQIHFWLRQV LQIHFWLYH EORRG PHDOV RI
YLUXV WLWHU UDQJLQJ IURP  [  WR  [  SHU
PO ZHUH XVHG ZLWK QR VLJQLILFDQW FKDQJH RYHU WKH
IHHGLQJSHULRG
Larval infection
6HFRQG LQVWDU ODUYDH RI PRVTXLWRHV ZHUH H[SRVHG
WR .59LQIHFWHG FHOOV HLJKW GD\V DIWHU LQIHFWLRQ DW
 & LQ FP IODVNV DQG OHIW DW WKH VDPH
WHPSHUDWXUH IRU  PLQXWHV IRU PD[LPXP
IHHGLQJ 7KH ODUYDH ZHUH WKHQ UHPRYHG XVLQJ D
3DVWHXU SLSHWWH WKRURXJKO\ ULQVHG LQ GLVWLOOHG
ZDWHU DQG WUDQVIHUUHG WR QRUPDO UHDULQJ
FRQGLWLRQV LQ WKH LQVHFWDU\ 7KH YLUXV DVVD\ ZDV
SHUIRUPHG RQ LQGLYLGXDO PRVTXLWRHV  GD\V DIWHU
HPHUJHQFH
Vertical transmission rates
Ae. aegypti PRVTXLWRHV RUDOO\ H[SRVHG WR .59
ZHUH VXEMHFWHG WR VLQJOHSDLU PDWLQJ H[SHULPHQWV
$ YLUJLQ PDOH DQG IHPDOH PRVTXLWR  SDLUV
ZHUH SODFHG WRJHWKHU LQ LQGLYLGXDO F\OLQGULFDO 
é  FP FDUGERDUG FRQWDLQHUV FRYHUHG ZLWK D
ILQH Q\ORQ PHVK DW WKH WRS (DFK FRQWDLQHU KDG D 
é  FP SODVWLF MDU SDUWLDOO\ ILOOHG ZLWK ZDWHU DQG
OLQHG ZLWK EURZQ SDSHU IRU RYLSRVLWLRQ  WR  GD\V
ODWHU WKH PDOH PRVTXLWR ZDV DVSLUDWHG IURP WKH
FRQWDLQHUV DQG WKH IHPDOH ZDV IHG RQ D PRXVH
$IWHU RYLSRVLWLRQ WKH HJJV ZHUH KDWFKHG DQG WKH
RIIVSULQJ UHDUHG VHSDUDWHO\ ,QGLYLGXDO SDUHQW
PRVTXLWRHV ZHUH WKHQ DVVD\HG IRU .59 LQIHFWLRQ
2QO\ ) RIIVSULQJ RI WKH SDUHQW PRVTXLWRHV WKDW
WHVWHG SRVLWLYH IRU .59 ZHUH WHVWHG IRU
.59LQIHFWLRQ DV DGXOWV E\ LVRODWLRQ LQ WLVVXH
FXOWXUH
Virus assay: Isolation in tissue culture
0RVTXLWRHV ZHUH VHOHFWHG  GD\V DIWHU YLUXV
H[SRVXUH DQG VDFULILFHG E\ FKLOOLQJ ,QGLYLGXDO
PRVTXLWRHV ZHUH WKHQ SODFHG LQ FKLOOHG (SSHQGRUI
YLDOV DQG WULWXUDWHG LQ  PO JURZWK PHGLXP XVLQJ
VWHULOH SHVWOHV 0RVTXLWR VXVSHQVLRQV ZHUH
FODULILHG E\ FHQWULIXJDWLRQ DW  USP 0LQL
&HQWULIXJH & ZZZODEQHWOLQNFRP DW  &
IRU  PLQ  ƫO RI HDFK VXVSHQVLRQ ZDV LQRFXODWHG
RQWR ZHOO IODWERWWRPFHOO FXOWXUH SODWHV  ƫO
SHU ZHOO DQG VHHGHG ZLWK  ƫO RI & FHOO
VXVSHQVLRQ FRQWDLQLQJ  FHOOV SHU PO 7KH SODWHV
ZHUH LQFXEDWHG DW  & DQG FHOOV PRQLWRUHG GDLO\
IRU GHYHORSPHQW RI FKDUDFWHULVWLF F\WRSDWKLF
HIIHFWV .59LQIHFWHG DQG QRQLQIHFWHG &
FHOOV LQFXEDWHG IRU WKH VDPH SHULRG RI WLPH ZHUH
LQFOXGHG DV QHJDWLYH DQG SRVLWLYH FRQWUROV
UHVSHFWLYHO\
Virus assay: Indirect immunofluorescence
assay (IFA)
6L[ GD\V DIWHU LQIHFWLRQ YLUXVLQIHFWHG FHOOV ZHUH
JHQWO\ VFUDSHG IURP WKH ZHOO VXUIDFH DQG DVSLUDWHG
IURP HDFK ZHOO XVLQJ D 3DVWHXU SLSHWWH 7KH FHOOV
ZHUH ZDVKHG RQFH LQ  [ SKRVSKDWH EXIIHUHG VDOLQH
3%6 DQG VHSDUDWHG E\ FHQWULIXJDWLRQ DW 
USP .XERWD .6 DW URRP WHPSHUDWXUH IRU
 PLQXWHV $ 3%6FHOO VXVSHQVLRQ ZDV SUHSDUHG
DQG  ƫO RI LW VSRWWHG RQ HDFK ZHOO RI WKH ZHOO
7HIORQ FRDWHG VOLGHV DQG DLUGULHG 7KH FHOOV ZHUH
IL[HG LQ FROG DFHWRQH DW ï & IRU  PLQXWHV DQG
VWDLQHG ZLWK .59 DQWLVHUXP GLOXWHG  LQ 3%6
7KH VOLGHV ZHUH LQFXEDWHG IRU  KU DW  & LQ D
KXPLGLILHG FKDPEHU DQG WKHQ ZDVKHG WKUHH WLPHV
LQ 3%6 IRU  PLQ HDFK  ƫO RI D FRPPHUFLDO
DQWLPRXVH ,PPXQRJORELQ * ,J* FRQMXJDWHG
ZLWK IOXRUHVFHLQLVRWKLRF\DQDWH ),7& GLOXWHG
 LQ 3%6 ZDV DGGHG WR HDFK ZHOO (YDQV EOXH
ZDV DOVR DGGHG WR WKH FRQMXJDWH DW WKH UDWLR RI
 7KH VOLGHV ZHUH DJDLQ LQFXEDWHG IRU  KU DW 
& LQ D KXPLGLILHG FKDPEHU DQG ZDVKHG DV DERYH
LQ WKH GDUN DQG PRXQWHG ZLWK FRYHU VOLSV XVLQJ
PRXQWLQJ VROXWLRQ FRQVLVWLQJ RI 0FOOYDLQH¶V
%XIIHU *O\FHURO 0 LQ D UDWLR RI  7KH
VOLGHV ZHUH H[DPLQHG XQGHU DQ 2O\PSXV %+
HSLIOXRUHVFHQFH PLFURVFRSH HTXLSSHG ZLWK D [
REMHFWLYH OHQV DQ +%2 : KLJKSUHVVXUH
PHUFXU\EXUQHUDQGDQ,)H[FLWHUILOWHU
Results
Infection rates
$ERXW   RI DGXOW IHPDOH PRVTXLWRHV RUDOO\
H[SRVHG WR LQIHFWLRXV EORRG PHDOV RI YLUXV WLWHU
Table 1,QIHFWLRQUDWHVRI.59LQ Aedes aegypti PRVTXLWRHV7KHQXPEHUDQGSHUFHQWDJHRIVDPSOHVRILQIHFWHG
IHPDOHPRVTXLWRHVDVVD\HGIRUYLUDOLQIHFWLRQE\ERWKLVRODWLRQLQWLVVXHFXOWXUHDQG,)$PHWKRGV
Mosquito stage Method of exposure Total # # positive by CPE % + VE # positive by IFA % + VE
$GXOW ,QIHFWLRXVEORRGPHDO     
/DUYDO .59LQIHFWHG&FHOOV     
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH UDQJH  [  WR  [  SHU PLOOLOLWHU WHVWHG
SRVLWLYH IRU .59 E\ LVRODWLRQ LQ WLVVXH FXOWXUH
ZKLOH   LQIHFWLRQV ZHUH GHWHFWHG E\ ,)$
7KHUH ZDV QR VLJQLILFDQW FKDQJH LQ WKH .59 WLWHUV
RYHU WKH IHHGLQJ SHULRG )RU WKRVH IHPDOHV
H[SRVHG WR .59LQIHFWHG FHOOV DV ODUYDH 
LQIHFWLRQV ZHUH GHWHFWHG E\ LVRODWLRQ LQ WLVVXH
FXOWXUH DQG   E\ ,)$ 7DEOH  ,Q ERWK FDVHV
WKHUH ZHUH VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH
QXPEHU RI .59SRVLWLYH PRVTXLWRHV GHWHFWHG E\
LVRODWLRQ LQ WLVVXH FXOWXUH DQG ,)$ p=0 . 0 2 8IRU
WKRVH H[SRVHG DV DGXOWV DQG p = 0.012 IRU WKRVH
H[SRVHG DV ODUYDH 7KHUH ZDV DOVR D VWDWLVWLFDOO\
VLJQLILFDQW GLIIHUHQFH p=0 . 0 3 9  LQ WKH UDWHV RI
LQIHFWLRQ EHWZHHQ PRVTXLWRHV H[SRVHG DV DGXOWV
DQG WKRVH H[SRVHG DV ODUYDH E\ ,)$ +RZHYHU WKH
GLIIHUHQFH ZDV QRW VLJQLILFDQW p=0 . 0 5 6 E \
LVRODWLRQLQWLVVXHFXOWXUH
Vertical transmission rates
9HUWLFDO WUDQVPLVVLRQ RI .59 LQ RUDOO\ LQIHFWHG
ODERUDWRU\FRORQL]HG Ae. aegypti IHPDOH
PRVTXLWRHV WR WKHLU SURJHQ\ ZDV H[SHULPHQWDOO\
GHPRQVWUDWHG E\ LVRODWLRQ LQ WLVVXH FXOWXUH
,QIHFWHG SURJHQ\ ZHUH GHWHFWHG LQ WKH )
JHQHUDWLRQ IURP WKH FRPELQHG QG DQG UG
RYDULDQ F\FOHV RI WKH  SDUHQW PRVTXLWRHV WKDW
KDG EHHQ IRXQG WR EH LQIHFWHG ZLWK .59 7RWDO
ILOLDO LQIHFWLRQ UDWH IRU WKH WZR F\FOHV ZDV 
UHSUHVHQWLQJ   7KH UDWHV ZHUH DOVR KLJKHU LQ
IHPDOHV   WKDQ LQ PDOHV   7DEOH 
DOWKRXJK WKLV GLIIHUHQFH ZDV QRW VLJQLILFDQW p=
0.076
Table 29HUWLFDOWUDQVPLVVLRQUDWHV7KHQXPEHUDQG
SHUFHQWDJHRIVDPSOHVRIHPHUJLQJPRVTXLWRHVDVVD\HGIRU
YLUDOLQIHFWLRQE\LVRODWLRQLQWLVVXHFXOWXUH
Sex
No. of tested
mosquitoes
No. of positive
mosquitoes
Percentage
infection rate
0DOHV   
)HPDOHV   
7RWDO   
Discussion
+LJK LQIHFWLRQ UDWHV  DQG   RI .59 LQ Ae.
aegypti PRVTXLWRHV RUDOO\ H[SRVHG WR .59 DUH
UHSRUWHG XVLQJ ODERUDWRU\UHDUHG PRVTXLWRHV
7KHVH REVHUYDWLRQV VXJJHVW WKDW Ae. aegypti
PRVTXLWRHV DUH OLNHO\ WR EH LQIHFWHG ZLWK .59 LQ
QDWXUH 7KLV K\SRWKHVLV LV VXSSRUWHG E\ SUHYLRXV
LVRODWLRQ RI .59OLNH YLUXV IURP Ae. aegypti
PRVTXLWRHV 5& 6DQJ XQSXEOLVKHG GDWD
+RZHYHU FURVVVHFWLRQDO ILHOG VWXGLHV DUH QHHGHG
WR FRQILUP WKLV DV ZHOO DV LI RWKHU VSHFLHV RI
PRVTXLWRHV DUH OLNHO\ WR EH LQIHFWHG ZLWK .59 RU
UHODWHGYLUXVHVLQQDWXUH
+LJKHU LQIHFWLRQ UDWHV  DQG  ZHUH
REVHUYHG LQ PRVTXLWRHV H[SRVHG DV ODUYDH 7KLV LV
LQ DJUHHPHQW ZLWK H[SHFWDWLRQ DV LQ WKH DGXOW
IHPDOH WKH EORRG PHDO LQLWLDWHV WKH IRUPDWLRQ RI D
SHULWURSKLF PHPEUDQH ZLWKLQ PRVTXLWRHV 0LOOHU
DQG /HKDQH  %LOOLQJVOH\  WKDW SK\VLFDOO\
VHSDUDWHV LW IURP WKH PLGJXW HSLWKHOLXP 6LQFH
YLUXVHV WKDW IDLO WR H[LW WKH EORRG EROXV ZLWKLQ D
IHZ KRXUV EHFRPH WUDSSHG E\ WKH GHYHORSLQJ
SHULWURSKLF PDWUL[ :KLWILHOG HW DO  WKRVH
WKDW H[LW WR DFFHVV UHFHSWRU VLWHV DQG HIIHFW
LQIHFWLRQ DUH IHZHU WKDQ WKRVH SUHVHQW LQ WKH
PLGJXW ,Q FRQWUDVW FRQVXPSWLRQ RI .59LQIHFWHG
FHOOV E\ ODUYDH UHVXOWV LQ ODUYDH LQGLYLGXDOO\
LQJHVWLQJ PRUH YLUDO SDUWLFOHV WKDQ WKRVH LQJHVWHG
E\ LQGLYLGXDO DGXOW PRVTXLWR WKURXJK DQ
LQIHFWLRXV EORRG PHDO 6LQFH PRVTXLWR FHOOV KDYH
IHZHU UHFHSWRUV IRU 9HQH]XHODQ HTXLQH
HQFHSKDOLWLV YLUXV /XGZLJ HW DO  LI WKLV LV
DOVR WUXH IRU .59 UHFHSWRUV LQFUHDVHG YLUDO
SDUWLFOHV PD\ RSWLPL]H FKDQFHV RI WKH YLUXV
FRPLQJ LQ FRQWDFW ZLWK FHOO UHFHSWRUV WKXV
HQKDQFLQJ LQIHFWLRQ DQG VXEVHTXHQWO\ LQIHFWLRQ
UDWHV
,QJHVWHG YLUXVHV DUH DOVR H[SRVHG WR D KDVK
PLGJXW HQYLURQPHQW WKDW LQFOXGH DQ DEUXSW
FKDQJH LQ WHPSHUDWXUH DQG S+ WKH RQVHW RI EORRG
GLJHVWLRQ E\ SURWHRO\WLF HQ]\PHV DQG WKH ORVV RI
IOXLG QDWXUH RI WKH LQJHVWHG EORRG %HHUQVWHQ HW DO
 ZKLFK PD\ DIIHFW WKH SDWKRJHQ *DVV 
6KDKDEXGGLQ  DQG LQIOXHQFH LQIHFWLRQ UDWHV
6LQFH WKHVH IDFWRUV PD\ EH LQLWLDWHG E\ WDNLQJ WKH
EORRG PHDO RU RFFXU ZLWKLQ WKH EORRGPHDO WKHLU
HIIHFW PD\ EH OHVV DSSDUHQW LQ ODUYDH WKDW GR QRW
FRQVXPH D EORRG PHDO 7KH KLJK ODUYDO LQIHFWLRQ
UDWHV PD\ DOVR KDYH EHHQ GXH WR WKH IUHVKO\ JURZQ
YLUXV WKDW LV NQRZQ WR LQFUHDVH VXVFHSWLELOLW\ RI
Ae. aegypti WR LQIHFWLRQ 0LOOHU  ,W KDV DOVR
EHHQ REVHUYHG WKDW WKH PLGJXWV RI Ae. aegypti
IHPDOHV KDYH S+ UDQJH RI ± &RUHQD HW DO
 ZKLFK LV ORZHU WKDQ WKDW RI ODUYDO PLGJXWV
S+ UDQJH ± &RUHQD HW DO  $OWKRXJK
QRW VXSSRUWHG E\ WKH QHFHVVDU\ GDWD WKH
SRVVLELOLW\ WKDW PLGJXW S+ KDV DQ HIIHFW RQ WKH
YLDELOLW\ RI WKH YLUXV DQG WKDW D PRUH DONDOLQH
HQYLURQPHQW LV IDYRUDEOH FDQQRW EH GLVFRXQWHG
7KLV ODUYDO LQIHFWLRQ GDWD VXJJHVWV WKDW XVLQJ
LQIHFWHG & FHOOV PD\ KDYH FDXVHG D ELDV LQ WKH
UHVXOWV RQ LQIHFWLRQ UDWH $OWKRXJK WKH YLUXV IRU
PDNLQJ LQIHFWLRXV FXOWXUH DQG EORRG PHDO FDPH
IURP WKH VDPH VWRFN WKH IDFW WKDW WKH YLUXV WLWHU LQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH LQGLYLGXDO FHOOV ZDV QRW GHWHUPLQHG FRXOG DOVR
KDYHFRQWULEXWHGWRWKHELDV
7KH KLJKHU LQIHFWLRQ UDWHV !  REWDLQHG E\
,)$ LV LQGLFDWLYH RI WKH IDFW WKDW WKLV PHWKRG LV
PRUH VHQVLWLYH FRPSDUHG WR WKDW RI YLUXV LVRODWLRQ
LQ WLVVXH FXOWXUH 7KH ORZHU UDWHV GHWHFWHG E\ WKH
ODWWHU PHWKRG GR QRW WKHUHIRUH UXOH RXW WKH
SRVVLELOLW\ WKDW VRPH PRVTXLWRHV WKDW WHVWHG
QHJDWLYH ZHUH DFWXDOO\ LQIHFWHG DW WKH WLPH RI
DVVD\ EXW WKH YLUHPLF OHYHO PD\ KDYH EHHQ WRR ORZ
WR FDXVH GHWHFWDEOH F\WRSDWKLF HIIHFWV LQ WKH WLVVXH
FXOWXUH \HW KLJK HQRXJK WR EH GHWHFWHG E\ ,)$
7KH GLIIHUHQFH LQ LQIHFWLRQ UDWHV REVHUYHG EHWZHHQ
WKHWZRPHWKRGVZDVVLJQLILFDQW p = 0.028
:H KDYH REVHUYHG WKDW RUDOO\ LQIHFWHG Ae. aegypti
PRVTXLWRHV FDQ YHUWLFDOO\ WUDQVPLW .59 WR WKHLU
SURJHQ\ 7KH KLJK RYHUDOO ILUVW ILOLDO LQIHFWLRQ UDWHV
  ZHUH DWWULEXWHG WR WKH IDFW WKDW .59 LV DQ
LQVHFWRQO\ )ODYLYLUXV ZLWK HQKDQFHG LQIHFWLRQ
7KHUH ZDV QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH
EHWZHHQ YHUWLFDO WUDQVPLVVLRQ UDWHV LQ IHPDOHV vs.
WKRVH LQ PDOHV p = 0.076 DOWKRXJK WKH UDWH ZDV
WZLFH DV KLJK LQ IHPDOHV 6LJQLILFDQW GLIIHUHQFHV LQ
LQIHFWLRQ UDWHV EHWZHHQ PDOH DQG IHPDOHV ZHUH
IRXQG E\ 'LDOOR HW DO  ZLWK UHJDUG WR \HOORZ
IHYHU YLUXV DQG Ae. aegypti PRVTXLWRHV 7KHVH
LQYHVWLJDWRUV H[SODLQHG WKDW WKH KLJKHU UDWHV LQ
IHPDOHV WKDQ PDOHV ZDV GXH WR YHQHUHDO
WUDQVPLVVLRQ RI WKH YLUXV WR QRQLQIHFWHG IHPDOHV
E\LQIHFWHGPDOHVGXULQJPDWLQJ
$OWKRXJK RXU VWXG\ GLG QRW VSHFLILFDOO\
GHPRQVWUDWH YHQHUHDO WUDQVPLVVLRQ LW LV D SURFHVV
WKDW PD\ LQFUHDVH WKH SUHYDOHQFH RI WKLV YLUXV LQ
QDWXUH $V *DXQW HW DO  SRLQWHG RXW WKH
HYROXWLRQ DQG GLVSHUVDO SDWWHUQV RI )ODYLYLUXVHV
KDYH EHHQ GHWHUPLQHG WKURXJK D FRPELQDWLRQ RI
FRQVWUDLQWV LPSRVHG E\ WKH DUWKURSRG YHFWRU DQG
WKH DVVRFLDWHG HFRORJ\ 9DULRXV ODERUDWRU\
H[SHULPHQWV KDYH VKRZQ WKDW YHUWLFDO
WUDQVPLVVLRQ UDWHV WHQG WR YDU\ ZLGHO\ EHWZHHQ
GLIIHUHQW PRVTXLWR VSHFLHV DQG YLUXVHV 9HUWLFDO
WUDQVPLVVLRQ UDWHV DV ORZ DV   IRU \HOORZ
IHYHU YLUXV LQ Ae. aegypti %HDW\ HW DO  KDYH
EHHQ UHSRUWHG LQ VRPH VWXGLHV 2WKHUV KDYH
UHSRUWHG KLJKHU UDWHV WKDQ WKRVH REVHUYHG LQ RXU
VWXG\ )UHLHU DQG 5RVHQ  GHPRQVWUDWHG
WKDW Ae. cooki PRVTXLWRHV WUDQVPLWWHG 'HQJXH 
DQG  YLUXVHV WR   RI WKHLU RIIVSULQJ ZKLOH 
 RI ILOLDO LQIHFWLRQ ZDV REVHUYHG LQ Ae.
polynesiensis IRUWKHVDPHYLUXV
3UHYLRXV VWXGLHV ZLWK .59 VKRZHG WKDW LW LV DQ
LQVHFWRQO\ )ODYLYLUXV PRVW FORVHO\ UHODWHG WR WKH
FHOO IXVLQJ DJHQW YLUXV :H KDYH REVHUYHG WKDW Ae.
aegypti PRVTXLWRHV DUH KLJKO\ VXVFHSWLEOH WR
.59 DQG WKDW LQIHFWHG PRVTXLWRHV DUH DEOH WR
YHUWLFDOO\ WUDQVPLW WKH YLUXV WR WKHLU SURJHQ\ 7KLV
LV WKH OLNHO\ PHFKDQLVP E\ ZKLFK WKH YLUXV LV
PDLQWDLQHG DQG SURSDJDWHG DPRQJ LWV QDWXUDO
KRVWV 7KHVH REVHUYDWLRQV FRQWULEXWH WR WKH
H[LVWLQJ NQRZOHGJH DERXW .59 6WXGLHV VKRXOG EH
FDUULHG RXW WR GHWHUPLQH WKH VXVFHSWLELOLW\ RI RWKHU
PRVTXLWR VSHFLHV WR .59 DQG WR FRPSDUH WKH
ILOLDO LQIHFWLRQ UDWHV RI PRVTXLWRHV LQIHFWHG DV
DGXOWVDQGWKRVHLQIHFWHGDVODUYDH
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